Background: Despite the superior hemodynamic performance of internal thoracic arteries, total arterial revascularization with exclusive bilateral internal thoracic arteries (BITA) is less frequently used especially in specific subsets of patients, including females. We report our experience with total arterial revascularization with exclusive BITA regardless of sex and analyze the impact of female sex on the early and midterm outcomes.
INTRODUCTION
Left internal thoracic artery (LITA) to left anterior descending (LAD) bypass has been reported to improve survival and freedom from major adverse cardiac events at 10 years when compared to saphenous vein grafts (SVG) [Loop 1986 ]. These results have been further strengthened by the angiographic study of the LITA and SVG from the Coronary Artery Surgery Study (CASS), making the LITA the conduit of choice in coronary artery bypass grafting (CABG) surgery [Cameron 1996 ]. The improved long-term outcomes of patients undergoing LITA-LAD bypass has encouraged a number of centers to use the right internal thoracic artery (RITA) as the second conduit of choice in CABG surgery [Lytle 2004; Kurlansky 2010] . This strategy has been endorsed by an angiographic study demonstrating a long-term patency rate of the RITA to be equivalent to the LITA and superior to the radial artery and the SVGs [Tatoulis 2011 ].
However, for several reasons the use of bilateral internal thoracic arteries (BITA) for total arterial revascularization has not met the same acceptance as the LITA-LAD bypass: (I) extra time needed for preparation of BITAs plus increased risk of postoperative bleeding necessitating re-sternotomy; (II) technically more demanding BITA anastomoses; (III) concerns regarding increased adverse spastic responses of BITA to hemodynamic changes; (IV) possible atherosclerotic disease of the subclavian artery; (V) compromise of the blood flow to the sternum with subsequent higher rate of sternal wound infections. In fact, only 4% of the patients undergoing CABG in the United States have received BITA grafting [Tabata 2009; Itagaki 2013] . A few subsets of patients are commonly considered at higher risk of complications following BITA grafting and thus less likely to benefit from the use of a second internal thoracic artery conduit [Itagaki 2013 ]. Because of the perceived higher risk of postoperative complications, BITA grafting is significantly less frequently offered to female patients as compared to their male counterparts [Lytle 2004; Kurlansky 2010] .
Here, we report our experience of total arterial revascularization with exclusive ITA grafting for three-vessel disease regardless of the sex of the patients and analyze the impact of female sex on early and midterm outcomes.
E46

PATIENTS AND METHODS
From January 2007 through December 2008, 890 patients underwent isolated CABG at our institution (Table 1) . Of these, 576 patients (65%) presented with three-vessel disease. In patients with three-vessel disease, 471 (82%) were exclusively revascularized with internal thoracic arteries and constitute the study population of the present report. In our study, female sex was not considered a drawback for exclusive ITA grafting. This fact was reflected by the equal proportion of female (79/99, 80%) compared to male (392/477, 82%, P = .68) patients who underwent isolated CABG for threevessel disease with exclusive ITA grafting (Table 1 ). The study was approved by our Institutional Ethics Committee for retrospective data retrieval. Informed consent was obtained from every patient prior to the operation.
Data Collection and Definition of Terms
Hospital charts were reviewed for pre, intra, and postoperative data collection. Preoperatively (Table 2) , emergency operation was defined as operation before the beginning of the next working day (EuroSCORE I) after decision to operate (EuroSCORE II). Peripheral vascular disease included all symptomatic and asymptomatic extracoronary arteriopathy. Cerebrovascular disease included past history of any cerebrovascular event with or without permanent neurological damage. A perioperative myocardial infarction was defined by the appearance of new Q waves in the ECG associated with elevated levels of creatine kinase-MB fraction (CK-MB). In our center, cardiac troponin (cTn) was not routinely measured during the study period. Therefore, the enzymatic definition was based on the measurements of CK-MB (>50 mU/ mL) and the ratio of CK-MB/CK (>10%). A cerebrovascular accident was defined as a new permanent neurological deficit and computed tomographic evidence of cerebral infarction. Sternal wound infection included superficial as well as deep sternal infection that underwent wound revision with sternal rewiring.
Surgery
In all patients, access to the heart was gained through median sternotomy. Internal thoracic arteries were prepared by skeletonization. The LITA was preferentially routed to the LAD and the RITA mostly as Y-graft from the LITA to revascularize the circumflex and distal branches of the right coronary artery (Table 3) . After heparinization, for on-pump operations cardiopulmonary bypass was established between the ascending aorta and the right atrium. Myocardial protection was achieved by multiple doses of antegrade warm blood cardioplegia.
Follow-up
Clinical follow-up was obtained by phone interview with the patients or their family, and/or with their general practitioner, and/or response to a patient questionnaire. The occurrence of postoperative major adverse cardiac and cerebrovascular events (MACCE) from hospital discharge to follow-up was recorded. MACCE was defined as the composite of death, myocardial infarction, cerebrovascular accident (CVA) or stroke, or repeat revascularization. Survival information was obtained from official death registries when direct contact sources were not available. If the patient had been hospitalized, inpatient records were obtained. For this study, follow-up was closed in September 2014.
Statistical Analysis
Continuous variables were expressed as median ± SD with range (min-max) and compared between the two groups using non-parametric Mann-Whitney U test. Categorical variables were expressed as numbers and percentages and compared between the two groups using Pearson chi-square test. Kaplan-Meier curves were compared using log-rank test. A two-sided P value <.05 was considered to be significant. Statistical analysis and graphs were performed using GraphPad Prism version 6.01 (GraphPad, La Jolla, CA, USA).
RESULTS
Preoperative Patient Characteristics
Female patients were significantly older and had a higher incidence of arterial hypertension than male patients. There were significantly more current smokers among males than females. Other cardiovascular risk factors were present with the same frequency in both groups. The preoperative risk score judged by EuroSCORE I and II was significantly higher in females than in males. See Table 2 .
Intraoperative Data
There were no differences regarding the configuration of BITA (Y-anastomosis or in situ) grafting between the two groups. The mean number of distal anastomoses and the completeness of revascularization was comparable in females and males. However, the cross-clamp time was slightly but significantly higher in males as compared to females. See Table 3 .
Early Outcomes
Early mortality was comparable between female and male patients (6.3% versus 4.6%, P = .71). The incidence of stroke, myocardial infarction, new onset atrial fibrillation, re-sternotomy for bleeding, and hemofiltration for acute renal failure did not differ between the groups. Importantly, the incidence of wound revision for combined superficial and deep sternal wound infections was higher in females as compared to males. See Table 4 .
Midterm Outcomes
Midterm survival at 5 years was similar for females and males (82.6% versus 83.6% respectively; P = .80) (Figure 1) .
At 5 years, in female patients, freedom from repeat revascularization, myocardial infarction, stroke, and MACCE were comparable to male patients (89.7% versus 95.3%, P = .10; 98.3% versus 96.3%, P = .43; 98.3% versus 90.9%, P = .53; 73.9% versus 76.2%, P = .71, respectively) ( Figure 2 ).
DISCUSSION
The use of the left internal thoracic artery to bypass the left anterior descending artery has been shown to provide superior long-term survival and outcomes compared to saphenous vein grafts [Loop 1986; Cameron 1996 ]. In the 2011 American College of Cardiology/American Heart Association guidelines, LIMA-LAD bypass is a class I recommendation [Hillis 2012 ]. Accumulating evidence suggests that the use of both internal arteries is accompanied by additional improvement in long-term survival and outcomes when compared to single ITA grafting [Itagaki 2013; Takagi 2014] . In the 2011 American College of Cardiology/American Heart Association (7) .83
Previous angioplasty, n (%) 10 (13) 68 (17) .39
Emergency, n (%) 14 (18) There was no significant difference between the 2 groups at 5 years. The Heart Surgery Forum #2019-2067
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guidelines, use of a second internal thoracic artery to bypass the circumflex or right coronary artery is a class IIa recommendation [Hillis 2012 ]. Despite these recommendations, BITA grafting is largely underused [Tabata 2009; Itagaki 2013] , particularly in females [Lytle 2004; Kurlansky 2010] .
Females have been reported to present with higher morbidity [Nicolini 2016; Raza 2014] and mortality [Bukkapatnam 2010; Gansera 2004 ] than males after isolated CABG. Female sex has been associated with increased rate of hospital readmission for myocardial infarction and congestive heart failure [Nicolini 2016 ]. Female sex associated with higher body mass index and diabetes were reported to be risk factors for sternal wound infection after isolated CABG using BITA grafting [Loop 1986 ]. These studies have supported the common preference to avoid total arterial revascularization and use of both internal thoracic arteries in female patients [Gansera 2004; Ennker 2009 ]. Since 2000 we have been offering total arterial revascularization with exclusive internal thoracic arteries to the majority of patients with multi-vessel coronary artery disease regardless of their sex. In the present retrospective study in a cohort of patients with coronary artery three-vessel disease undergoing isolated CABG with exclusive internal thoracic arteries, we examined the impact of female sex on early and midterm outcomes. In our series, the early mortality, defined as in-hospital death, was 6.3% in females and comparable to that of males (4.6%, P = .71). Reported early mortality in females undergoing BITA grafting reaches 4% [Gatti 2017 ] and 4.1% [Gansera 2004 ]. In a large retrospective study, early mortality in females after isolated CABG was 4.6% [Bukkapatnam 2010 ]. In this study, among early postoperative complications, only the incidence of wound revision for combined superficial and deep sternal wound infections was significantly higher in females (26.5%) than in males (5.1%, P < .000). It should be noted that we have adopted an aggressive approach to superficial sternal wound infection similar to deep sternal wound infection with re-sternotomy, debridement and re-wiring. This strategy has permitted us to reduce the mortality of combined superficial and deep sternal wound infections to 10% (4 of 41) without adverse impact on overall early mortality. The mortality associated with reoperation for sternal wound infection in our series is inferior to the study of Dubert et al reporting 12% death rate following reoperation for sternal wound infection [Dubert 2015 ]. Following BITA grafting in females, Gatti et al reported a 14.7% rate of sternal wound infections [Gatti 2017 ] and Gansera et al a combined rate of 5.7% of re-sternotomy for deep sternal wound infection and sternal re-fixation [Gansera 2004 ]. In a recent study, Lemaignen and co-workers found in multivariate analysis the interaction of female sex and CABG with two ITAs significantly associated with sternal wound infections [Lemaignen 2015] . The high incidence of wound revision for combined superficial and deep sternal wound infection in females in our study was not associated with higher body mass and diabetes reported by other groups [Ennker 2009 ], as these parameters were comparable between female and male cohorts. Inadequate perioperative management of glycemic values has been associated with higher post-operative morbidity including the incidence of sternal wound infections [Tennyson 2013 ]. However, in this study the perioperative glycemic management followed the same protocol in our female and male patients. This finding supports the observation of Raza and co-workers reporting female sex per se as a risk factor for sternal wound infection following BITA grafting for CABG [Raza 2014 ]. The EuroSCORE I and II were significantly higher in females as compared to males in our study, mainly because of the older age of the former group. Moreover, the female sex increases the EuroSCORE I by one point. The higher EuroSCORE in our female patients compared to male patients might have contributed to the worse incidence of sternal wound revisions. The incidence of the other early postoperative complications was comparable between females and males in our study. Moreover, the rates of early postoperative stroke (0%), myocardial infarction (0%), hemofiltration (1%) and reexploration for bleeding (3.8%) in our female patients compare favorably with those reported by Gatti et al [Gatti 2017 ] (1.7%, 2.5%, 1.5%, and 1.7% respectively) and Gansera et al [Gansera 2004] (not available, 5.1%, not available, and 1.5% respectively). Midterm outcomes at 5 years were similar between female and male patients in our series and compare favorably with those after CABG from 2 large prospective randomized controlled trials, SYNTAX and Freedom [Mohr 2013; Farkouh [Farkouh 2012 ]. The limitations of this study reside in the retrospective nature of the analysis. Besides, control coronary angiography was performed only in a small number of patients who presented with signs of myocardial ischemia. Therefore, there was no imaging information on patency of BITA grafts. The high incidence of wound revision for combined superficial and deep sternal wound infections in females might have been due to increased mechanical shear stress of voluminous breasts and reduced sternal vascularization. These characteristics are not collected in our database so verifying these hypotheses warrants future investigations.
In conclusion, despite the limitations of this study our findings suggest that total arterial myocardial revascularization with exclusive internal thoracic arteries in females carries the same midterm benefits as in males. Early outcomes are comparable except for a higher incidence of wound revision for combined superficial and deep sternal wound infections. Benefits of bilateral internal thoracic artery grafting in females should be weighed against increased risk of early wound revision.
